Background Previous studies have found that, for preterm babies, the risk of stillbirth among Australian Aborigines is similar to the risk for whites. In contrast, at full term, the risk for Aborigines is more than twice the risk for whites. However, these studies (like most other analyses of stillbirths) used the number of births at each gestarional age to calculate the risk. For stillbirths, the risk is more appropriately estimated using the number of babies in utero. This paper presents the first comparison of stillbirth risk for Australian Aborigines and whites using the more appropriate denominator. Methods I used 6 years of data (1987)(1988)(1989)(1990)(1991)(1992) from the routinely-maintained Queensland Perinatal Data Collection. Contingency-table analyses were used to compare the gestational-age-specific risk of stillbirth in Aborigines and whites. Multiple births were excluded; male and female babies were analysed separately.
The crude stillbirth rate is calculated as the number of stillbirths divided by the number of births (i.e. stillbirths plus livebirths). Similarly, the usual approach to calculating the gestational-agespecific stillbirth rate is to divide the number of stillbirths by the number of births at each gestational age.
Although conventional, this approach is misleading because the wrong denominator is used. 1 ' 2 The population at risk is not the number of births at a given gestational age, but the number of babies in utero at the start of the gestational age category (e.g. at the start of the week).
Previous studies have shown that the gestational-age-specific risk of stillbirth differs markedly according to which denominator is used.
• Specifically, if the number of births is used as the denominator, the earliest categories of gestational age have the highest risk; the risk is lowest at full term. In contrast, if the number of babies in utero is used as the denominator, then preterm gestational ages have the lowest risk; the risk is highest for full term gestational ages (at least for affluent populations). Ferguson 
Myers
2 assert that this is a particularly important result because 'the older the foetus, the more likely it is to be salvageable'.
Moreover, when comparing blacks and whites in the US, Ferguson and Myers 2 found that the relative risk varied markedly depending on which denominator was used. If the number of births is used, then, for preterm gestational ages, blacks have stillbirth risks similar or lower than those for whites. At full term, the risks for blacks are between two-and three-times higher than those for whites. However, use of the number of babies in utero yields a different pattern: preterm black babies have a higher risk of stillbirth than preterm white babies; in late pregnancy the risks are similar.
Like blacks in the US, Australian Aborigines are an economically disadvantaged group. The only previous studies of the gestational-age-specific stillbirth risk for Australian Aborigines calculated risk using births as the denominator.
3 ' 4 They found that, at preterm, the risk for Aborigines was similar to the risk for whites. In contrast, at full term, Aborigines had a statistically significant twofold increase in the risk of stillbirth compared with whites.
The aim of this study was to examine the gestational-agespecific pattern of stillbirth risk in Aborigines compared with 83 ' Relative risk of stillbirth among Aborigines compared with whites. b per 1000 births. whites using the number of babies in utero as the denominator. This has not been done before. In fact, both overseas and in Australia, authorities still use the number of births as the denominator, 5 which gives a different (and misleading) description of the gestational-age-specific risk.
Materials and Methods
This study was based on data from the Queensland Perinatal Data Collection (QPDC) for the years 1987-1992. The QPDC was established in 1987 after state legislation was enacted making it compulsory for Perinatal Data Collection forms to be completed for all births in Queensland. This applies to both hospital and non-hospital births. Besides these forms, the collection is supplemented by Perinatal Death Certificate data from the Registrar General's Office. The QPDC is conducted by the State Health Department and is similar to perinatal collections in each of the other Australian states.
In the QPDC, any baby that shows evidence of life, after complete extraction or expulsion from the mother, regardless of the birthweight or gestational age, is considered a livebirth. A stillbirth is defined as the complete extraction or expulsion from the mother of a product of conception of at least 20 weeks' gestation or 400 g birthweight that after separation did not show any evidence of life.
Approximately 40 000 births are reported to the QPDC each year. This represents 17% of all births in Australia. In Queensland, there are about 1500 births to Aboriginal mothers each year (4% of all births in the state). Queensland has the largest number of Aboriginal births of any state in Australia (26% of the Australian total).
5
In this paper, the phrase stillbirth rate (SBR) will be used when the denominator is the number of births at a particular gestational age. Fetal death risk (FDR) will be used when the denominator is the number of babies in utero at the start of the gestational age category. Both quantities are proportions and use of the words rate and risk merely follows convention and is not meant to imply any difference between the two statistics in the time interval of observation.
The gestational-age-specific SBR was defined as:
gestational-age-specific number of stillbirths gestational-age-specific number of births
The gestational-age-specific FDR was defined as:
gestatwnal-agc-speafic number of stillbirths number of babies in utero at start of gestational age category x 1000 x 1000
Aborigines have lighter birthweights than whites after about 33 weeks' gestation. 6 Therefore consideration of the effects of birthweight differences between Aborigines and whites is important. To adjust the FDR for birthweight, I used the assumption (also used by Ferguson and Myers 2 ) that the weight distribution of fetuses still in utero at a particular gestational age is the same as the weight distribution of babies born at that gestational age. Birthweight was grouped into 500 g categories. Mantel-Haenzel weights were used to obtain an estimate of the FDR adjusted for birthweight. 7 Mantel-Haenzel weights were also used to obtain birthweight-adjusted SBR.
Separate analyses were performed for male and female babies. Multiple births were excluded. Postterm births were not excluded from the calculations because they were required to calculate the number of babies in utero for the FDR. However, only two postterm Aboriginal stillbirths were reported in the 6-year period 1987-1992 (one male and one female). Consequently, I did not calculate the FDR and SBR for the postterm category because these statistics would have been too imprecise to provide any useful information.
Results
As expected, the crude stillbirth rate for Aborigines was more than twice the crude rate for whites ( Table 1) . None of the gestational-age-specific SBR for Aborigines was statistically significantly different from those for whites (Table 2 ). In contrast, before 33 weeks, the FDR for Aborigines was between 2.4 and 4.7 times higher than the FDR for whites; the 95% confidence intervals for the relative risks did not include 1.0 (Table 3) . At full term, the FDR (like the SBR) was not statistically significantly different from that for whites. Birthweight adjustment of the gestational-age-specific SBR and FDR did not change the pattern (Table 4) .
Discussion
The conventional SBR analysis showed that Aborigines had a slightly higher risk of stillbirth than whites at most gestational ages, although none of the relative risks were statistically significantly different from 1.0. One should be cautious about over interpreting this pattern because the number of Aboriginal stillbirths was small. Nevertheless, the pattern was somewhat different from that found in a previous studies. For example, a Western Australian study obtained a pattern similar to this present study for preterm births, but found a statistically significantly increased risk of stillbirth for full term Aborigines compared with whites (relative risk : 2.5, 95% confidence interval : 1.6-3.6). Relative risk" Point estimate The FDR analysis yielded a pattern different from the SBR analysis in this present study and in previous studies. It showed that preterm Aborigines have a statistically significant three-to fourfold increase in stillbirth risk compared with preterm whites. At full term, the FDR for Aborigines and whites were not statistically significantly different.
The risk of preterm birth in Aborigines is twice that for whites (preterm proportions: Aborigines: 12.8%, whites:6.5%). This explains the different relative risks obtained from the SBR and FDR analyses. The SBR is the proportion of babies born at a particular gestational age who died before delivery. When used to calculate the relative risk of stillbirth for Aborigines versus whites, the comparatively large number of Aboriginal preterm births means that the relative risk is underestimated. When the more valid FDR analysis is used the higher stillbirth risk for preterm Aborigines compared with preterm whites is revealed.
Use of the wrong denominator leads to the wrong conclusion about stillbirth risk in Aborigines. The gestational-age-spedDc SBR analyses in this paper (which found no statistically significant differences between Aborigines and whites) suggest that the high crude stillbirth rate for Aborigines is due to their higher risk of preterm birth. In contrast, the correct analysis using the FDR showed that the high crude stillbirth rate for Aborigines is due to their higher risk of stillbirth at preterm gestational ages, exacerbated by their higher risk of preterm birth.
Yudkin suggested that the SBR incorrectly remains the conventional measure of stillbirth risk because the calculation is similar to that for the neonatal mortality rate. 1 That index correctly measures of the risk of neonatal death within a specified time after birth (usually 28 days), the denominator being all livebirths at a specified gestational age. However, the SBR cannot be interpreted in a similar way because the wrong denominator is used. That is, the number of births at a specified gestational age is only a subset of the total group at risk of stillbirth. The risk of stillbirth is best measured using the number of babies in utero at the start of the gestational age category as the denominator (i.e. the FDR). Studies that examine fetal loss during the first trimester use this method. 8 Three other methodogical issues should be considered. First, birthweight-adjustment of the FDR required a strong assumption about the birthweight distribution of babies who remain in utero. Although birthweight-specific analyses cannot be carried out any other way (using only this data set), the assumption might not be valid because many preterm births might be due to inadequate placental blood supply that may lead to diminished growth before birth. 9 A serial ultrasound study on a sample of Aborigines and whites could provide an estimate of the weight distribution of babies in utero at each gestational age. However, if death occurred some time before delivery, the birthweights of stillbirths might still be subject to error because of maceration.
Second, under-registration of stillbirths is a well-recognised problem of unknown magnitude.
10 Stillbirths of light birthweight and early gestational age are the most likely to be under registered. 10 Further, data from the US has shown that underregistration is more likely if the baby had a black mother. 1 ' For this present study, under-registration is likely to affect differentially very preterm Aboriginal stillbirths and therefore reduce the preterm relative risks for Aborigines compared with whites. In other words, the relative risks for the early preterm categories might be higher than those observed.
The final methodological issue relates to problems with the measurement of gestational age. Precise estimation is a difficult task, especially for Aborigines. 12 Compounding this is the fact that the time of intrauterine death, unlike the time of birth is not always known. Consequently, the risk of stillbirth at a particular gestational age might not be the same as the risk of intrauterine death. The two values will only agree if the interval between death and delivery is short. Any delay in delivery means that stillbirths delivered at a particular gestational age will include babies who died at an earlier gestational age. Further, babies who have already died in utero, but who will not be delivered until a later gestational age will be excluded. Ferguson and Myers 2 discussed both issues asserting that the patterns for blacks and whites were so different that the conclusions would not be altered by any adjustment for misclassification of gestational age.
This study is the first to draw attention to the excess risk of stillbirth for preterm Aborigines. The lack of clinical detail in the QPDC means that it cannot be used to further investigate this finding. Conclusions from a case-control or one-off cohort study are likely to be limited by the small number of Aboriginal stillbirths. Although confidential enquiries have been criticised for their lack of objectivity, de Courcy-Wheeler et al. showed that data from them can increase knowledge of events influencing perinatal outcomes, thereby allowing strategies to be devised to effect change. 13 Ferguson and Myers argued that the next step in the US should be a detailed, confidential audit of selected stillbirths to determine why perterm blacks have a high risk of stillbirth. 2 The same strategy would be useful in Australia.
